
6                                   812,777       the amount needed to
effect the desired temp-  through the transformer 104. Because these two
erature change thus eliminating over-correction   potentiometers are
connected in parallel across      and oscillation in the system.
the secondary coil 105 of the transformer 104,        The radio-frequency
output level is detected  their voltages are of exactly the same phase.  5
by a single turn pickup coil 79 placed near the   Therefore, if the sliders
106 and 107 of the  70    5      generator output coils 14. The
radio-frequency   potentiometers 100 and 101 contact their re-      energy
induced in the pickup loop 79 is rectified   spective potentiometers at the
same relative      by the diode tube 80, filtered in the network  point, no
voltage will be supplied to the input      composed of the radio-frequency
choke 81,  terminals 108 and 109 of the amplifier 110  10  resistor 82, and
capacitors 83, 84 and 85 and   since the sliders to which these terminals
are  75     10     fed to the voltage divider network consisting
connected will be at the same potential. How-     of resistors 86 and 87
connected between B +   ever, if one of these sliders 106 is displaced,
voltage and ground. Any change in the d-c  a voltage is developed between
the terminals     voltage produced from the rectified and filtered   108
and 109. The phase of this voltage will 15  radio-frequency signal changes
the current flow   be determined by the direction of displacement  80
through the resistor 87 and thus the potential  of slider 106 and its
amplitude will be deter-     at the slider arm 88 of the potentiometer 87
mined by the amount of displacement. For     which is used to set the
feed-back level. The  example, if slider 106 is displaced toward the
voltage from the slider arm 88 is fed through  top of the drawing, the
signal across the 20  the resistor 89 to produce another control bias
terminals 108 and 109 will be in phase with  85     20     at the terminal
90 which may be impressed on  the signal across the secondary coil 105 of
the     the grid of tube 66 in Figure 3 to control the  transformer 104.
However, if slider 106 is dis-     "Thyratron " grid voltage phasing.
placed toward the bottom of the drawing, the       Still a third feed-back
system may be in-  phase of the voltage to the terminals 108 and 25
corporated into the temperature control system   109 will be reversed and
it will be 180[err] out of  90     of the present invention. This third
feed-back   phase with the voltage of the coil 105.     circuit, which
measures the temperature of the  Any signal voltage at the terminals 108
and     crucible by the color of the crucible, is illus-  109 is amplified
by the amplifier 110 and fed 



trated as part of Figure 3. A quartz rod 91 is  to the grids of two triode
tubes 112 and 113.            re 30  placed in another cavity 92 of the
crucible 13   The tubes 112 and 113 have their cathodes  95         30  Fi
to direct infra-red  radiation from  the hot  connected together and to
ground through the     crucible to a photocell 93 which is sensitive to
common cathode resistor 126. The grids like-          sli     such
radiation. The circuit comprised of the  wise are connected together and to
ground     battery 94, the phototube 93, and the resistor  through a common
grid resistor 127.  The 35  95 forms a voltage divider circuit wherein the
plates of the two  tubes are connected  to  100     voltage drop across the
phototube is governed   opposite ends of another secondary coil 114     by
the amount of infra-red radiation incident  of the same transformer 104
which supplies     upon the tube which is in turn governed by   voltage to
the two precision potentiometers 100     the temperature of the crucible.
Any change in  and 101. The center tap 115 of the secondary 40  the voltage
drop across the phototube 93 due  coil 114 is connected to ground through
the  105        40  2     to a change in the crucible temperature causes
rotor coil 111 of a balancing motor designated     a change in the voltage
across the resistor 95   generally as 128, so that the plate voltages of
and thus a change in the output signal through   the two tubes 112 and 113
are 180[err] out of     the capacitor 96 to the amplifier 97. The out-
phase. Because the grid signal voltage is de- 45  put signal of the
amplifier is differentiated by  rived from  the same transformer 104 as the
110     the capacitor 98-resistor 99 network and then   plate voltage, the
grid voltage on the tubes     fed into the control system  of Figure 3 at
112 and 113 will always be in phase with the     terminal 90. This
feed-back system, because of  plate of one of the tubes and 180[err] with
the     the differentiation of its output signal, provides  other, and only
the tube in which the grid 50  correction proportional to the rate of
change of  voltage and plate voltage are in phase will 115     crucible
temperature. This feed-back  signal  conduct current. The direction of
displacement     also tends to compensate for the time lag in-  of the
slider 106 determines the phase of the     troduced into the thermocouple
feed-back loop   grid voltage to the tubes 112 and 113 and,     by the
potentiometer-recorder 60.             therefore, the direction of
displacement of the 55   As stated before, it is often desirable to vary
slider 106 determines which of the tubes, 112  120     the temperature of
the furnace according to a   or 113, conducts.     predetermined   program
of  temperature      By referring to the diagram of Figure 5, it
changes. The programming device schematic-  can easily be seen that any
current which flows     ally illustrated in Figure 5 provides the means  in
the rotor coil 111 of the balance motor 128 60  for producing controlled
temperature changes.  must also flow through either the upper or 125
This programmer produces changes in the  lower half of the transformer
secondary coil     crucible temperature in the following manner.  114.
Thus, the current of the rotor coil 111 



The two precision potentiometers 100 and   must be of one of two phases
each  180[err]     101 have impressed across their terminals an  different
from the other and the phase of this 65  a-c voltage from the power lines
102 and 103  current depends on whether it is the upper or 130
812,777                                 7   lower half of coil 114 through
which current  crature may be incorporated by coupling the flows or which
tube, 112 or 113, is conducting.  rotor shaft 129 of the balance motor 128
to In other words, the phase of the current in the  the slider 133 of the
potentiometer 64 instead rotor coil 111 of the balance motor 128 is  of to
the slider 130 of the potentiometer 21 70       5  determined by the
direction of displacement of  as illustrated in Figure 5.
70 the slider 106. As shown in Figure 5, slider     By means such as the
cam 131 and follower 106 is displaced by means of the cam 131 and   132
mechanisms coupled to slider 106 wherein follower mechanism  132, but any
of several  variations in radius along the circumference means may be used
for this purpose.             of cam  132 are proportional to the tempera-
75       10   The voltage of the stator coil 116 of the  ture changes to be
produced, the signals for a  75 balance motor 128 is produced from the
power  predetermined program of temperature changes supply lines 102 and
103 and, were it not for  can be introduced into the system. Through the
condenser 117 inserted in the line to the   use of a similar cam and
follower to produce stator coil 116, the voltage would be either in
signals for pull-rate changes in the pull-rate 15  phase or 180[err] out of
phase with the rotor coil  control system of the crystal pulling machine
80 111 voltage. However, the condenser 117 shifts  and use of a small motor
to drive both cams the stator coil 116 voltage in phase by 90[err].  at the
same speed, the crystal pulling pro- Since any currents which flow in the
rotor and   cedure becomes an almost completely auto- stator coils 111 and
116 of the balance motor  matic process. 20  128 will always be 90[err] out
of phase with each     It is to be understood that the phase shift-  85
other, the rotor of the balance motor 128 will  ing, pulse forming,
amplifier and  shaper turn when current flows in the rotor coil 111
circuits referred to in the above description 



and its direction of rotation will be determined   and illustrated in the
various figures of the by whether the current in the rotor coil 111 is
drawings merely in block form  need not be 25  lagging or leading the
current in the stator coil  of any specific type, but may be any of the  90
116.                                   of the many types well-known in the
art. Coupled to the rotor shaft 129 of the          Thus, there have been
disclosed  several balance motor 128 are the slider 130 of the  specific
embodiments of the present invention resistor 21 in the bucking voltage
network of  for holding the temperature of an electric fur- 30  Figure 2
and the slider 107 of the " follow-  nace to within 0.2[err] C. of any
desired temp-  95 up " potentiometer  101. The coupling  of  erature and a
specific method of varying this sliders 130 and 107 to the shaft 129 may be
controlled temperature according to a prede- either direct or by means such
as gearing de-  termined program  of changes. These specific pending on the
construction of the potentio-  embodiments of the present invention  have
35  meters 21 and 101. When current flows in the   been described using a
radio-frequency induc-  100 rotor coil 111 as the result of a displacement
tion furnace, specific phasing and feed-back of the slider 106, the rotor
shaft 129 turns and   circuitry and a specific method for introducing there
is produced a change in the error signal  a program  of temperature
changes; however, appearing at the terminals 29 and 30 in Figure   many
changes, alterations and substitutions still 40  2 due to a movement of the
slider 130 which   within the scope of the present invention will  105
produces a change in the bucking voltage of  be apparent to those skilled
in the art. There- the bucking voltage network of Figure 2. The   fore, it
is not intended that the present inven- rotor shaft 129 will continue to
turn and the  tion be limited to  the specific  embodiment temperature
error signal in the system  will  illustrated herein but that it be limited
only as 45  continue to change until the slider 107 coupled   set forth in
the apended claims.           110 to the rotor shaft 129 is displaced from
its    WHAT WE CLAIM  IS: - original contact point on the potentiometer 101
1. A system for controlling the temperature to a contact point at which its
potential is  of an electric furnace in which the electrical exactly the
same as the potential of the slider  power to said furnace is supplied
through at 50  106. At this point, no further signal is devel-  least one
grid controlled, gaseous discharge  115 oped between the terminals 108 and
109, and  type device, comprised of means producing a thus no grid voltage
signal is fed to the tubes   DC voltage indicative of furnace temperature,
112 and 113. Without a grid  voltage,  no   means for producing a;DC error
voltage which current will pass through either of the tubes,  varies in
magnitude and polarity as a function 55  and, consequently, no current will
flow in the   of the difference between actual furnace temp-  120
rotor coil 111. Of course, when current no   erature and a predetermined
reference temper- 



longer flows in the rotor coil 111, the rotor  ature, means for changing
said DC error volt-  129 no longer turns and the temperature error  age to
an AC voltage of phase and magnitude  signal of the temperature control
system ceases  controlled by said DC  error voltage, means  60  to change.
including a thermionic emission  device for 125  In the embodiment of the
temperature con-  deriving the vector sum  of said AC voltage  trol system
of the present invention illustrated   with an extrinsically supplied
alternating volt-  in Figure 3 wherein a self-balancing recording   age to
produce a sine wave signal with a phase  potentiometer 60 is used in the
error signal  which reflects changes in furnace temperature,  65  feed-back
loop, automatic control of the temp-  and means including phase shifter
means for 130
812,777                                  7  lower half of coil 114 through
which current  erature may be incorporated by coupling the flows or which
tube, 112 or 113, is conducting.  rotor shaft 129 of the balance motor 128
to In other words, the phase of the current in the  the slider 133 of the
potentiometer 64 instead rotor coil 111 of the balance motor 128 is  of to
the slider 130 of the potentiometer 21 5  determined by the direction of
displacement of  as illustrated in Figure 5.                    70
the slider 106. As shown in Figure 5, slider    By means such as the cam
131 and follower 106 is displaced by means of the cam 131 and   132
mechanisms coupled to slider 106 wherein follower mechanism  132, but any
of several  variations in radius along the circumference means may be used
for this purpose.            of cam  132 are proportional to the tempera-
10   The voltage of the stator coil 116 of the  ture changes to be
produced, the signals for a  75 balance motor 128 is produced from the
power  predetermined program of temperature changes supply lines 102 and
103 and, were it not for  can be introduced into the system. Through the
condenser 117 inserted in the line to the   use of a similar cam and
follower to produce 



stator coil 116, the voltage would be either in  signals for pull-rate
changes in the pull-rate 15  phase or 180[err] out of phase with the rotor
coil  control system of the crystal pulling machine  80 111 voltage.
However, the condenser 117 shifts  and use of a small motor to drive both
cams the stator coil 116 voltage in phase by 90[err].  at the same speed,
the crystal pulling pro- Since any currents which flow in the rotor and
cedure becomes an almost completely auto- stator coils 111 and 116 of the
balance motor  matic process. 20  128 will always be 90[err] out of phase
with each     It is to be understood that the phase shift-  85 other, the
rotor of the balance motor 128 will  ing, pulse forming, amplifier and
shaper turn when current flows in the rotor coil 111   circuits referred to
in the above description and its direction of rotation will be determined
and illustrated in the various figures of the by whether the current in the
rotor coil 111 is  drawings merely in block form  need not be 25  lagging
or leading the current in the stator coil  of any specific type, but may be
any of the  90                  116.                                   of
the many types well-known in the art.  Coupled to the rotor shaft 129 of
the          Thus, there have been  disclosed  several  balance motor 128
are the slider 130 of the  specific embodiments of the present invention
resistor 21 in the bucking voltage network of  for holding the temperature
of an electric fur-  30  Figure 2 and the slider 107 of the " follow-  nace
to within 0.2[err] C. of any desired temp-  95  up " potentiometer 101. The
coupling  of  erature and a specific method of varying this
sliders 130 and 107 to the shaft 129 may be   controlled temperature
according to a prede- either direct or by means such as gearing de-
termined program  of changes. These specific pending on the construction of
the potentio-  embodiments of the present invention  have 35  meters 21 and
101. When current flows in the   been described using a radio-frequency
induc-  100 rotor coil 111 as the result of a displacement  tion furnace,
specific phasing and feed-back of the slider 106, the rotor shaft 129 turns
and   circuitry and a specific method for introducing there is produced a
change in the error signal  a program  of temperature changes; however,
appearing at the terminals 29 and 30 in Figure   many changes, alterations
and substitutions still 40  2 due to a movement of the slider 130 which
within the scope of the present invention will  105 produces a change in
the bucking voltage of  be apparent to those skilled in the art. There- the
bucking voltage network of Figure 2. The   fore, it is not intended that
the present inven- rotor shaft 129 will continue to turn and the  tion be
limited to the specific  embodiment temperature error signal in the system
will  illustrated herein but that it be limited only as 45  continue to
change until the slider 107 coupled   set forth in the apended claims.
110 to the rotor shaft 129 is displaced from  its    WHAT WE CLAIM IS: -
original contact point on the potentiometer 101   1. A system for
controlling the temperature 



to a contact point at which its potential is  of an electric furnace in
which the electrical exactly the same as the potential of the slider  power
to said furnace is supplied through at 50  106. At this point, no further
signal is devel-  least one grid controlled, gaseous discharge  115 oped
between the terminals 108 and 109, and  type device, comprised of means
producing a thus no grid voltage signal is fed to the tubes   DC voltage
indicative of furnace temperature, 112 and 113. Without a grid  voltage,
no   means for producing a 'DC error voltage which current will pass
through either of the tubes,  varies in magnitude and polarity as a
function 55  and, consequently, no current will flow in the   of the
difference between actual furnace temp- 120                  rotor coil
111. Of course, when cutrent no   erature and a predetermined reference
temper- longer flows -in the rotor coil 111, the rotor  ature, means for
changing said DC error volt- 129 no longer turns and the temperature error
age to an AC voltage of phase and magnitude signal of the temperature
control system ceases  controlled by said DC error voltage, means 60  to
change.                             including a thermionic emission  device
for 125 In the embodiment of the temperature con-  deriving the vector sum
of said AC voltage trol system of the present invention illustrated   with
an extrinsically supplied alternating volt- in Figure 3 wherein a
self-balancing recording   age to produce a sine wave signal with a phase
potentiometer 60 is used in the error signal  which reflects changes in
furnace temperature, 65  feed-back loop, automatic control of the temp-
and means including phase shifter means for 130               producing,
from  the sine wave signal time  self-balancing potentiometer means
producing       spaced voltage spikes for application to the  a second d-c
voltage proportional to said d-c       grid of the gaseous discharge type
device.    error voltage, means amplifying said second         2. A system
as claimed in claim 1, wherein  d-c voltage, an a-c control voltage, means
5  the electrical power to said furnace is con-  whereby the phase of said
a-c control voltage is  70       trolled during each cycle of the power
voltage   controlled by the amplitude of said amplified       frequency.
second d-c voltage, the a-c power voltage         3. A system as claimed in
claim 2, having   applied to each of said plurality of thermionic 



means continuously changing said d-c voltage   emission devices, and a
plurality of means for  10  to a first a-c voltage, a second a-c voltage,
said  phase shifting and forming said phase con-  75       modulating means
combining said first and  trolled a-c control voltage into a plurality of
second a-c voltages whereby the phase of the  time spaced pulses which, on
being applied to       combined voltages depends on the amplitude  the
grids of said  plurality  of thermionic       and phase of said first a-c
voltage, means form-  devices, control the conductive period of each  15
ing said combined voltages into pulses, which,  of said devices during each
cycle of said a-c  80      on being applied to the grid of said at least
power voltage thereby controlling the electrical         t      one
thermionic emission device, control the  power to said furnace.
conductive period of said at least one device   9. A system as claimed in
Claim 7, includ-      during each cycle of said a-c power voltage  ing
infra-red sensing means associated with  20  thereby controlling the
electrical power to said  said furnace, radiation sensitive means produc-
85      furnace.                                    ing a voltage varying
with the amount of said        4. A system  wherein said means forming
radiation, means amplifying said varying volt-      said combined voltages
into pulses also effects  age, differentiating means producing a pulse
phase shifting said combined voltages.      proportional to the rate of
change of said radia-  25    5. A system as claimed in Claim 1, in which
tion, the means amplifying said second d-c  90      there are a plurality
of grid controlled, gas-  voltage also amplifying said pulse.      filled
thermionic emission devices, means con-  10. A system  as claimed in Claim
1, in-      tinuously changing said d-c voltage to a first  cluding  a
radio-frequency  generator  and      a-c voltage, a second a-c voltage, the
modulat-  generator output coils associated therewith,  30  ing means
combining said first and second a-c  comprised of means producing a d-c
voltage  95      voltages whereby the phase of the combined  indicative of
furnace temperature, means can-      voltages depends on the amplitude and
phase  celling said d-c voltage at a preset tempera-      of said first a-c
voltage, the a-c power voltage  ture and producing a d-c error voltage with
applied to each of said plurality of thermionic  variations in temperature
from  said preset  35  emission devices, and a plurality of means for
temperature,  self-balancing   potentiometer 100      phase shifting and
forming said combined   means producing a second d-c voltage propor-
voltages into a plurality of time spaced pulses  tional to said d-c error
voltage, radio-frequency      which, on being applied to the grids of said
power detection means in close proximity with      plurality of thermionic
emission devices, con-  said generator output coils, means rectifying  40
trot the conductive period of each of said  the voltage induced in said
detection means, 105      devices during each cycle of said a-c power
means producing a third d-c voltage propor-      voltage thereby
controlling the electrical power  tional to said rectified voltage, means
amplify- 



to said furnace.                            ing said second and third d-c
voltages, means        6. A system as claimed in Claim 5, includ-  whereby
the phase of said a-c control voltage 45  ing a radio-frequency generator.
is controlled by the amplitude of said ampli-  110        7. A system as
claimed in Claim  1, includ-  fied second and third d-c voltages, an  a-c
ing self-balancing potentiometer means pro-  power voltage applied to said
at least one      ducing a second d-c voltage proportional to  thermionic
emission device, and means for      said d-c error voltage, means
amplifying said  phase shifting and forming said phase con- 50  second d-c
voltage, means whereby the phase  trolled a-c control voltage into pulses,
which  115     of said a-c control voltage is controlled by   on being
applied to the grid of said at least     the amplitude of said amplified
second d-c  one thermionic emission device, control the     voltage, an a-c
power voltage applied to said  conductive period of said at least one
device     at least one thermionic emission device, and   during each cycle
of said a-c power voltage 55  means for phase shifting and forming  said
thereby controlling the electrical power to said  120     phase controlled
a-c voltage into pulses which  furnace.     on being applied to the grid of
the thermionic  11. A system as claimed in Claim  10, in-     emission
device, control the conductive period   cluding  infra-red  radiation
sensing  means     of said device during each cycle of said a-c  associated
with said furnace, radiation sensi- 60  power voltage thereby controlling
the electrical  tive means producing a voltage varying with  125     power
to said furnace.                      the amount of said radiation, means
amplify-       8. A system as claimed in, Claim 1, in which  ing said
varying voltage, differentiating means     the electrical power to said
furnace is supplied   producing a pulse proportional to the rate of
through a plurality of grid controlled, gas-  change of said radiation,
means amplifying 65  filled thermionic emission devices, including a   said
second d-c voltage, said third d-c volt- 130
812,777                                     9       age, and said rate of
change pulse, means    14. A system for controlling the tempera-
whereby the phase of said a-c control voltage  ture of an electric furnace
in which the 



is controlled by the amplitude of said ampli-  electrical power to said
furnace is supplied                fied second d-c voltage, and said third
d-c  through at least one grid controlled, gas-filled  30 5  voltage, and
said rate of change pulse.       thermionic  emission  device, comprised
of                  12. A system as claimed in any of Claims 1  means
producing a d-c voltage indicative of                to 11, which includes
a servo-mechanism and  furnace temperature, means producing there-
means for programming temperature changes  from a d-c error voltage with
variations in the                in  said  furnace, said  system
thereafter  furnace temperature from a preset temperature  35 10
accurately controlling the temperature of said  means including  a  chopper
for deriving                furnace at the changed temperature.        an
a-c  control voltage  to  be  applied                  13. A system for
controlling the tempera-  to  said  at least one  thermionic  emis-
ture of an electric furnace in which the  sion device, and means for
modulating said                electrical power to said furnace is supplied
a-c control voltage by said d-c error voltage  40 15  through at least one
grid controlled, gas-filled  thereby continuously controlling the electricl
thermionic  emission  device, comprised  of  power to said furnace.
means cyclically supplying power to said fur-    15. A system for
controlling the temperature                nace through said at least one
thermionic  of electric furnaces substantially as herein
emission device, means producing a voltage  described and as illustrated in
the accompany- 45 20  which is a function of the difference between  ing
drawings.                actual furnace temperature and a reference
temperature, and means applying said volt-            For the Applicants:
ages to said at least one thermionic emission   F. J. CLEVELAND & COMPANY,
device to control the conductive period thereof      Chartered Patent
Agents, 25  during each cycle whereby the electrical power   29,
Southampton Buildings, Chancery Lane,                to said furnace is
continuously controlled.              London, W.C.2.
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